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Abstract
There is growing evidence for disk-mediated accretion
being the dominant mode of star formation across
nearly the whole stellar mass spectrum. The stochas-
tic nature of this process has been realized which im-
plies an inherent source variability. It can be traced
more easily for low-mass YSOs (LMYSOs) since high-
mass YSOs (HMYSOs) are still embedded even when
reaching the ZAMS. While variable reflection nebulae
around LMYSOs were among the earliest signs of star
formation, little is known on the variability of scat-
tered light from embedded clusters, the birthplaces of
HMYSOs. Since the few most massive stars dominate
this emission, their variability is literally reflected in
scattered light. Moreover, because of their high lumi-
nosity, for a given ambient dust density and source dis-
tance, the associated nebulosities are much larger than
those of LMYSOs. In this case, the light travel time
becomes substantial. So the apparent brightness dis-
tribution constitutes a light echo, shaped by both the
HMYSO variability history and the spatial distribution
of the scattering medium. We report on early results
of a NIR variability study of HMYSOs associated with
Class II methanol masers which aims at revealing a
possible correlation between maser flux density and in-
frared brightness. Additionally, relevant findings for
the eruptive HMYSO S255IR-NIRS3 are presented.
1. Introduction
The scattering of light by dust or electrons in the inter-
stellar medium allows us to trace past radiation out-
bursts of cosmic objects by observing their echo which
results from different light travel times. Obviously, the
travel time for the scattered radiation exceeds that of
the radiation propagating along the direct line of sight.
The spatial brightness distribution of the echo depends
on both the light curve of the outburst and the distri-
bution as well as properties of the surrounding scatter-
ing medium (1; 2). Light echoes arising from optically
thin (single scattering) configurations can be most eas-
ily deciphered. The fast brightness rise and the huge
luminosity of supernovae promotes them to be prime
originators of light echoes. The light echo not only
provides a photometric record but can also be studied
spectroscopically to obtain time-resolved spectroscopy
of the past outburst. For historic supernova events
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light echo spectroscopy allowed to pin down the su-
pernova type (3). Furthermore, the temporal change
of the echo offers the unique possibility to reconstruct
the 3D structure of the scattering medium.
While young stellar objects (YSOs) occasionally ex-
perience brightness outbursts due strongly enhanced
accretion (FUor, EXor events (4; 5)), reports on light
echoes from YSOs are scarce (6; 7). Historically, an
outburst of R CrA observed by E. Hubble (8) was prob-
ably the first YSO light echo observation ever although
it was not recognized as such at that time. Recent
theoretical results point to disk instabilities as the rea-
son for variable accretion (9; 10; 11), and observational
findings support the view that there is a continuum of
accretion burst behavior (12; 13; 14).
In case of YSOs both the circumstellar disk as
well as the envelope surrounding YSOs introduce an
anisotropic radiation field that governs the spatial
morphology of the light echo. For HMYSOs the cir-
cumstellar disk is the crucial ingredient which allows
ongoing accretion at large luminosities that would have
stopped spherical accretion otherwise because of radi-
ation pressure (15). The channeling of the radiation
along the YSO symmetry axis as well as the shielding
of the matter reservoir by the disk is acknowledged
as the key mechanism to form massive stars via disk
accretion, e.g. (16).
Class II 6.7 GHz methanol masers, thought to be
pumped by thermal IR emission (17), trace embedded
luminous YSOs (18). These masers are generally vari-
able, and some show regular flux changes with periods
of several 10...100 days (19; 20). There are compet-
ing models for what concerns the origin of the pe-
riodicity (21; 22). If the maser variability is caused
by modulation of the pumping radiation due to vari-
able accretion or protostellar pulsations then similar
changes in the scattered light are expected. Thus,
surface brightness variations of the scattered emission
from HMYSOs should be traceable. If this claim holds
these brightness variations are expected to be in sync
with the methanol maser activity.
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2. Data Retrieval, Processing, and
Results
In order to test this idea work started to analyze Ks-
band brightness variations of a few periodic maser
sources which are covered by the VVV survey (23).
Compared to other archival data this survey provides
the best observational coverage with up to 50 epochs
of NIR imaging which boosts the detection probabil-
ity for light echoes. One serendipitous discovery in a
massive star forming region was reported (D. Minniti,
unpublished).
Rather than performing aperture photometry on the
images, a direct detection of surface brightness varia-
tions was attempted using a differential image analy-
sis (DIAS) method (24). For this purpose, the image
with the best seeing (smallest PSF width) was sub-
tracted from all the other ones after convolving it with
a kernel to match the individual PSFs. Results for the
maser source G339.62-00.12 are shown in Fig. 1. The
image displays the DIAS frames in the order of the
seeing FWHM (best one upper left). While most of
the frames do not show an excess of scattered emis-
sion from the location of the HMYSO, there is at least
one clear detection (bold frame at [4,3] position). It
has yet to be checked to which phase of the maser
light curve (19) the epoch of the particular image cor-
responds.
It can also be seen that the DIAS method has problems
in matching frames with relatively poor seeing (lower-
most row). Nevertheless, it has become obvious that
high cadence NIR surveys have the potential to trace
brightness variability of deeply embedded HMYSOs
through scattered light. With more epochs to come
from VVV and its successor VVVX, the prospects for
establishing a relation between the maser and NIR
variability are improving.
3. The Outburst of S255IR-NIRS3
During the works on the VVV data a flare of the
Class II methanol maser in S255IR was reported (25).
Having in mind that the IR pumping of the maser
might be due to an accretion outburst, NIR imaging
of this field was sought immediately. In late Novem-
ber 2015, i.e. two weeks after the flare announcement,
the first epoch of Ks-band imaging with the PANIC
camera (26) was obtained at the 2.2-m telescope at
Calar Alto observatory. This image revealed that the
deeply embedded HMYSO S255IR-NIRS3 experienced
a brightness outburst of ∼2.5 mag which was also ob-
vious from the enhanced surface brightness of the as-
sociated bipolar nebula. Therefore, follow-up imaging
was performed on several occasions throughout 2016.
S255IR-NIRS3 is a well-studied HMYSO at a distance
of 1.78±0.11 kpc (27) with a luminosity in quiescence
of L ∼ 2 × 104 L and a mass of ∼ 20M (28) which
consists of a disk/outflow system (29; 30). These find-
ings suggested a causal relationship between the ac-
cretion outburst and the maser flare (31).
In order to ease the assessment of the surface bright-
ness increase, the PANIC images were divided by
an archival pre-burst UKIDSS K-band image (epoch
2009) after matching the PSF widths. Thereby, spatial
extinction variations across the field as well as the ge-
ometric dilution of the radiation cancel. The resulting
ratio images (cf. Fig. 2) clearly show enhanced scat-
tering with a striking bipolar morphology. While the
enhanced scattering could be caused by an increase of
the volume density of dust grains this explanation is
not applicable since there is no mechanism which could
establish such an increase within six years. So the con-
clusion could be drawn that the enhanced scattering
represents the light echo of the burst. It was verified
by tracing the motion of the echo in the 2015 Nov and
2016 Feb images, respectively. By averaging the extent
of the blue- and red-shifted echoes an approximate on-
set date of the burst could be established which points
to 2015 June.
In order to extract the intrinsic burst light curve from
the echo observations a proper scattering model is re-
quired. To this aim the Monte Carlo radiative trans-
fer code Mol3D (32) which includes multiple scattering
was modified by incorporating time tags for each syn-
thetic photon. Fig. 2(bottom) shows a first result of
the modeling along with the two brightness ratio im-
ages. The model image shows the response of a circum-
stellar disk embedded in a uniform density medium to
an instant stellar flash of infinitesimal duration. It
verified that the code is working properly but is not
meant to already reproduce the case of NIRS3.
While the NIR spectrum of NIRS3 is almost feature-
less, spectroscopy of the scattered light before (archival
data) and during the burst revealed spectral features
which provide additional evidence for the accretion
burst from S255IR-NIRS3 (33).
4. Summary
Preliminary results of studying temporal variations of
scattered light from HMYSOs based on VVV data
indicate that surveys with sufficient cadence offer a
great potential to reveal variability of massive young
stars which cannot be seen in direct light because of
high extinction. Thus it seems promising to apply
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Figure 1. Inverted gray scale DIAS images of 43 VVV Ks frames of the G339.62-00.12 region, sorted according to seeing.
The field of view amounts to about 1.5’×1.5’ and is aligned to Galactic coordinates. The lower right insert shows the
color composite from 2MASS with the maser source at the center. The solid black lines highlight the frame with a clear
emission excess of the maser source.
this method to investigate the relationship between
the variability of HMYSOs and their associated Class
II methanol masers, in particular for what concerns
periodic behavior. The case of S255IR-NIRS3 showed
that accretion bursts from HMYSOs can trigger flares
of those masers. The analysis of the light echo al-
lowed to estimate the time delay between onset of the
burst and the maser flare which amount to about two
months. By reverting the case it can be speculated
that methanol maser variability might be an indirect
tracer of variable accretion of massive young stars.
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Figure 2. Top and center - brightness ratio images showing the bipolar light echo and its propagation. The gray-scale bar
at the bottom indicates the ratio values. Bottom - Echo simulation for a circumstellar disk with an inclination of 75◦.
